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1
PRESSURE CONTROL DEVICE WITH
REMOTE ORIENTATION RELATIVE TO A
RIG

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit under 35 USC §119 of
the filing date of International Application Serial No. PCT/
US10/25385, filed Feb. 25, 2010. The entire disclosure of this
prior application is incorporated herein by this reference.

BACKGROUND

The present disclosure relates generally to equipment uti-
lized and operations performed in conjunction with a subter-
ranean well and, in an embodiment described herein, more
particularly provides a pressure control device which is
remotely oriented relative to a rig.

Some floating rigs can move relative to a riser assembly.
For example, a drill ship or a semi-submersible can be
dynamically positioned relative to a riser assembly.

Unfortunately, such movement sometimes includes rota-
tion of the rig relative to the riser assembly. As a result, any
lines or cables extending between the rig and the riser assem-
bly can become tangled, damaged, etc.

Therefore, it will be appreciated that improvements are
needed in the art of connecting rigs to riser assemblies.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a rig system and method
which can embody principles of the present disclosure.

FIG. 2 is a cross-sectional view of a prior art rotating
control device which can be improved utilizing the principles
of the present disclosure.

FIGS. 3-6 are schematic cross-sectional views of various
configurations of orientation devices which embody prin-
ciples of the present disclosure.

FIG. 7 is a schematic diagram showing how an orientation
control system interconnects with a rig data acquisition sys-
tem and the orientation device.

FIG. 8 is a schematic side view of another well system and
method which can embody principles of the present disclo-
sure.

FIG. 9 is a schematic side view of yet another well system
and method which can embody principles of the present dis-
closure.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a rig system 10
which can embody principles of the present disclosure. In the
illustrated system 10, a floating drilling rig 12 is of the semi-
submersible type. Other types of rigs (such as those on drill
ships, etc., and especially those that comprise a floating vessel
22) can benefit from the principles of this disclosure.

The rig 12 supports ariser assembly 14 via tensioner cables
16. Various other lines (such as a choke or mud return line 18
and a kill line 20) extend between the rig 12 and the riser
assembly 14.

As the vessel 22 heaves and otherwise moves in response to
wave action, current, wind, etc., there is substantial relative
displacement between the rig 12 and the riser assembly 14.
This makes the area of the rig 12 surrounding the top of the
riser assembly 14 a fairly hazardous environment, and so it is
desirable to minimize human activity in this area.
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It is common for a floating rig to rotate relative to a riser
assembly. For example, a drill ship will typically turn to point
its bow into oncoming waves, in order to minimize rocking of
the ship by the waves.

Itwill be appreciated that, ifthe rig 12 rotates relative to the
riser assembly 14, the lines 18, 20 can become wrapped about
the top of the riser assembly, and/or the lines can be damaged,
kinked, etc. In the past, such problems would need to be
remedied by human intervention to replace damaged lines,
reroute lines, reorient equipment, etc.

However, using the principles of this disclosure, as
described more fully below, these problems and others like
them, which result from relative rotation between the rig 12
and the riser assembly 14 can be avoided, thereby also avoid-
ing the need for humans to venture into the area surrounding
the top of the riser assembly to mitigate such problems.

Note that, as depicted in FIG. 1, the lines 18, 20 and cables
16 are secured to the riser assembly 14 at a pressure control
device 24. In this example, the pressure control device 24
comprises a rotating control device of the type which seals off
an annulus surrounding a tubular string 26 (such as a drill
string) therein. However, other types of pressure control
devices (such as blowout preventers, pressure control sec-
tions, etc.), which could connect to the riser assembly 14 and
which could have lines extending to the rig 12, may also
benefit from the principles described in this disclosure.

In one unique feature of the rig system 10, the pressure
control device 24 rotates as the rig 12 rotates, thereby pre-
venting tangling, kinking, damage, etc. of the lines 18, 20 and
cables 16. This rotation of the pressure control device 24 is
preferably controllable from a remote location on the rig 12,
so that a human is not required to venture into the area sur-
rounding the top of the riser assembly 14 to rotate the pressure
control device 24. Most preferably, the rotation of the pres-
sure control device 24 is controlled automatically, based on
indications of the vessel 22 position obtained from a rig data
acquisition system.

In this manner, any relative rotation between the rig 12 and
the pressure control device 24 can be minimized, or even
eliminated. Matching of the pressure control device 24 rota-
tion to the rig 12 rotation can even be performed while drilling
operations are being conducted, and while the riser assembly
14 and pressure control device are internally pressurized.

Referring additionally to FIG. 2, a cross-sectional view of
a prior art rotating control device 28 is representatively illus-
trated. The tubular string 26 is also depicted in FIG. 2, so that
it may be clearly seen how one or more annular seals 30 in a
body 32 of the rotating control device 28 seal off an annulus
34 formed radially between the tubular string and the body.

The seals 30 rotate with the tubular string 26 as it rotates,
leading to the term “rotating control device” for this item of
equipment, which is typically used in managed pressure drill-
ing and underbalanced drilling operations. Equivalent terms
for this item of equipment include “rotating diverter,” “rotat-
ing control head” and “rotating blowout preventer.”

Prior art rotating control devices, such as that depicted in
FIG. 2, have been available with manually adjustable lower
flanges. In the example of FIG. 2, a lower flange 36 of the
rotating control device 28 can be manually rotated relative to
the body 32 of the rotating control device, in order to align
openings 38 in the body with other rig equipment, as needed.

However, once securely connected to a riser assembly by
the lower flange 36, no further rotation of the body 32 relative
to the riser assembly can be effected. During drilling opera-
tions, or at any time the body 32 is internally pressurized,
there can be no rotation of the body 32 relative to the flange
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36, and so the body cannot be rotated to maintain a substan-
tially fixed orientation relative to a rig while the rig rotates
relative to the riser assembly.

Referring additionally now to FIG. 3, a schematic cross-
sectional view of an improvement to the rotating control
device 28 according to the principles of this disclosure is
representatively illustrated. This improvement allows the
body 32 to rotate relative to the lower flange 36 while the
flange is securely connected to a riser flange 40, and while the
body and riser assembly 14 are internally pressurized.

As depicted in FIG. 3, the rotating control device 28
includes an orientation device 42 which changes a rotational
orientation of the body 32 relative to the flanges 36, 40. In this
example, the orientation device 42 includes a motor 44, a
pinion gear 46 which is rotated by the motor, and a ring gear
48 which is secured to (or formed as part of) the body 32.

The motor 44 is secured to the flange 36 (for example, by a
bracket 50). When the motor 44 rotates the gear 46, the
engagement between the gears 46, 48 causes a torque to be
applied to the body 32, thereby causing the body to rotate
relative to the flange 36.

Rotation of the gear 46 in one direction causes rotation of
the body 32 in a corresponding direction, and reverse rotation
of'the gear causes corresponding reverse rotation of the body.
Thus, the body 32 can be made to rotate in the same direction
(as well as the same amount of rotation) as the rig 12 rotates
relative to the riser assembly 14.

The motor 44 may be an electric, hydraulic, pneumatic or
other type of motor. In addition, any other means of rotating
the body 32 relative to the flanges 36, 40 may be used in
keeping with the principles of this disclosure.

An annular projection 52 formed on the body 32 engages a
complementary annular recess 54 in the flange 36, thereby
securing the body to the flange, but permitting rotation of the
body relative to the flange. Seals 56 (such as o-rings or any
other type of seals) prevent fluid leakage from the interior of
the rotating control device 28 and riser assembly 14. Another
seal 58 seals between the flanges 36, 40.

The motor 44 can be remotely operated, for example, at a
location on the rig 12 which is remote from the area surround-
ing the top of the riser assembly 14. Thus, there is no need for
a human to enter the area surrounding the top of the riser
assembly 14 in order to rotate the body 32 of the rotating
control device 28.

Referring additionally now to FIG. 4, another configura-
tion of the rotating control device 28 is representatively illus-
trated. In this configuration, the motor 44 and gear 46 are
rotated ninety degrees relative to their position in the configu-
ration of FIG. 3.

Similarly, in FIG. 5, another configuration of the rotating
control device 28 is representatively illustrated, in which the
motor 44 and gear 46 are rotated ninety degrees relative to
their positions in the configurations of FIGS. 3 & 4. These
figures demonstrate that a variety of different configurations
of the orientation device 42 are possible, and that the prin-
ciples of this disclosure are not limited to only the illustrated
configurations.

Yet another configuration of the orientation device 42 is
representatively illustrated in FIG. 6. In this configuration,
the orientation device 42 is positioned within the flange 36.
This configuration has certain advantages, in that the compo-
nents of the orientation device 42 (e.g., the motor 44 and gears
46, 48) are protected from damage, and the area surrounding
the orientation device may be packed with lubricant to
enhance performance of the device.

Referring additionally now to FIG. 7, a schematic diagram
is representatively illustrated. This diagram shows how an
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orientation control system 60 can interconnect with a rig data
acquisition system 62 and the orientation device 42.

A typical rig 12 will have the data acquisition system 62
which collects, stores and makes available information
regarding rig operations. In one unique feature of the rig
system 10, the orientation control system 60 receives an indi-
cation of the position of the rig 12 from the rig data acquisi-
tion system 62. The orientation control system 60 can, thus,
readily determine how the orientation device 42 should be
operated to maintain a fixed rotational orientation between
the body 32 and the rig 12.

The orientation control system 60 causes the motor 44 to be
operated as needed, so that the rotation of the body 32
matches the rotation of the rig 12 relative to the riser assembly
14. Preferably, such operation of the orientation device 42 by
the orientation control system 60 is performed automatically,
upon receipt of periodic or continuous updated rig 12 position
information from the rig data acquisition system 62. In this
manner, no human intervention is needed to maintain proper
orientation of the body 32 relative to the rig.

Referring additionally now to FIG. 8, another configura-
tion of the system 10 is representatively illustrated. In this
configuration, a blowout preventer stack 64 (comprising mul-
tiple blowout preventers 66) is connected to the riser assem-
bly 14 in place of, or in addition to the rotating control device
28.

It will be readily appreciated by those skilled in the art that
the blowout preventer stack 64 is a pressure control device
and will have multiple lines (not shown) extending to the rig
12. Thus, it will also be appreciated that the principles of this
disclosure can be beneficially used in conjunction with the
blowout preventer stack 64, in a similar manner to that
described above for the rotating control device 28, so that a
rotational orientation of the blowout preventer stack relative
to the rig 12 can be maintained.

As depicted in FIG. 8, the orientation device 42 is used to
rotate a body 32 of the blowout preventer stack 64 relative to
the riser assembly 14. The orientation control system 60 can
be used as described above to maintain a fixed rotational
orientation of the blowout preventer stack 64 relative to the rig
12.

Referring additionally now to FIG. 9, another configura-
tion of the system 10 is representatively illustrated. In this
configuration, a pressure control section 68 (comprising a
rotating control device 70, a fluid return 72 and an injection
sub 74) is connected to the riser assembly 14 in place of, or in
addition to the rotating control device 28. An example of such
apressure control section is described in International Patent
Application Serial No. PCT/US07/83974.

It will be readily appreciated by those skilled in the art that
the pressure control section 68 is a pressure control device
and will have multiple lines extending to the rig 12. Thus, it
will also be appreciated that the principles of this disclosure
can be beneficially used in conjunction with the pressure
control section 68, in a similar manner to that described above
for the rotating control device 28, so that a rotational orien-
tation of the pressure control section relative to the rig 12 can
be maintained.

As depicted in FIG. 9, the orientation device 42 is used to
rotate a body 32 of the pressure control section 68 relative to
the riser assembly 14 below the pressure control section. The
orientation control system 60 can be used as described above
to maintain a fixed rotational orientation of the pressure con-
trol section 68 relative to the rig 12.

Note that, although the system 10 has been described above
as comprising a floating drilling rig 12, it is not necessary in
keeping with the principles of this disclosure for the rig to be
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floating or otherwise movable during operation. For example,
the orientation device 42 can be beneficially used to orient the
pressure control device 24 connected to riser or casing, where
a land-based rig, jack-up rig, tension-leg rig (or other rig
which is stationary during operation) is used. Remote opera-
tion of the orientation device 42 provides substantial advan-
tages, even where the rig is stationary, or the rig does not
otherwise rotate relative to the riser or casing.

It may now be fully appreciated that the above disclosure
provides many advancements to the art of constructing rig
systems. In examples described above, safety is enhanced
(due to elimination of the necessity for humans to repair or
replace damaged lines in the area surrounding the top of a
riser assembly), and rig efficiency is improved.

In particular, the above disclosure describes a method of
maintaining a substantially fixed orientation of a pressure
control device 24 relative to a movable rig 12. The method can
include rotating a body 32 of the pressure control device 24
while the rig 12 rotates.

Rotating the body 32 may include substantially matching a
rotation of the body with a rotation of the rig 12, rotating the
body 32 in a same direction and amount as a rotation of the rig
12 and/or minimizing any change in the orientation of the
pressure control device 24 relative to the rig 12.

The rig 12 may be a floating rig and/or a drilling rig.

The pressure control device 24 can be connected to a riser
flange 40. The rig 12 may rotate relative to the riser flange 40.

The pressure control device 24 may comprise a rotating
control device 28. The body 32 may contain an annular seal
30 which seals against a tubular string 26 in the body while the
tubular string rotates. The annular seal 30 may rotate within
the body 32 while the annular seal seals against the rotating
tubular string 26.

Rotating the body 32 may comprise rotating the body while
the body is internally pressurized.

The pressure control device 24 may comprise a blowout
preventer 66. The pressure control device 24 may comprise a
pressure control section 68 of a riser assembly 14.

Rotating of the body 32 may be controlled at a location on
the rig 12 remote from the body.

The method can include receiving a vessel position indi-
cation from a rig data acquisition system 62, and automati-
cally controlling the orientation of the pressure control device
24 relative to the rig 12 in response to the vessel position
indication. An orientation control system 60 may automati-
cally maintain an orientation of the body 32 relative to a
floating vessel 22.

Another method of remotely controlling an orientation of a
pressure control device 24 relative to a movable rig 12 is
described by the above disclosure. The method can include
rotating a body 32 of the pressure control device 24 and
controlling the rotation of the body 32, with the controlling
being performed at a location on the rig 12 remote from the
body 32.

Rotating the body 32 may be performed while the rig 12
rotates.

Also described above is a pressure control device 24 for use
in conjunction with a rig 12. The pressure control device 24
can include a body 32, a flange 36, an orientation device 42
which changes a rotational orientation of the body relative to
the flange, and an orientation control system 60 which
remotely controls the orientation device 42.

The orientation device 42 may include a motor 44. The
motor 44 may turn a first gear 46 which engages a second gear
48 secured to the body 32.

The orientation control system 60 can receive a vessel 22
position indication from a rig data acquisition system 62. The
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orientation control system 60 may automatically control the
orientation device 42 in response to the vessel 22 position
indication.

The orientation control system 60 can automatically main-
tain an orientation of the body 32 relative to a floating vessel
22.

The pressure control device 24 may include an annular seal
30 within the body 32, with the annular seal being of the type
which rotates within the body while sealing against a tubular
string 26 disposed within the body.

The pressure control device 24 may comprise a blowout
preventer 66.

The pressure control device 24 may comprise a pressure
control section 68 of a riser assembly 14.

It is to be understood that the various embodiments of the
present disclosure described herein may be utilized in various
orientations, such as inclined, inverted, horizontal, vertical,
etc., and in various configurations, without departing from the
principles of the present disclosure. The embodiments are
described merely as examples of useful applications of the
principles of the disclosure, which is not limited to any spe-
cific details of these embodiments.

Of course, a person skilled in the art would, upon a careful
consideration of the above description of representative
embodiments of the disclosure, readily appreciate that many
modifications, additions, substitutions, deletions, and other
changes may be made to the specific embodiments, and such
changes are contemplated by the principles of the present
disclosure. Accordingly, the foregoing detailed description is
to be clearly understood as being given by way of illustration
and example only, the spirit and scope of the present invention
being limited solely by the appended claims and their equiva-
lents.

What is claimed is:

1. A method of maintaining a substantially fixed orienta-
tion of a pressure control device relative to a rotatable rig, the
method comprising:

providing a pressure control device, whereby a body of the

pressure control device is rotatable relative to the rig;
receiving a rig position indication from a rig data acquisi-
tion system; and

automatically rotating the body in response to the indica-

tion to maintain a rotational orientation of the body
relative to the rig.

2. The method of claim 1, wherein rotating the body com-
prises substantially matching the rotation of the body with the
rotation of the rig.

3. The method of claim 1, wherein rotating the body com-
prises rotating the body in a same direction and amount as the
rotation of the rig.

4. The method of claim 1, wherein rotating the body com-
prises minimizing any change in the orientation of the pres-
sure control device relative to the rig.

5. The method of claim 1, wherein the rig is a floating rig.

6. The method of claim 1, wherein the rig is a drilling rig.

7. The method of claim 1, wherein the pressure control
device is connected to a riser flange, and wherein the rig
rotates relative to the riser flange.

8. The method of claim 1, wherein the pressure control
device comprises a rotating control device.

9. The method of claim 8, wherein the body contains an
annular seal which seals against a tubular string in the body
while the tubular string rotates.

10. The method of claim 9, wherein the annular seal rotates
within the body while the annular seal seals against the rotat-
ing tubular string.
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11. The method of claim 1, wherein rotating the body
comprises rotating the body while the body is internally pres-
surized.

12. The method of claim 1, wherein the pressure control
device comprises a blowout preventer.

13. The method of claim 1, wherein the pressure control
device comprises a pressure control section of a riser assem-
bly.

14. The method of claim 1, wherein rotating the body is
controlled at a location on the rig remote from the body.

15. The method of claim 1, further comprising automati-
cally controlling the orientation of the pressure control device
relative to the rig in response to the vessel position indication.

16. The method of claim 1, wherein an orientation control
system automatically maintains an orientation of the body
relative to a floating vessel.

17. A method of remotely controlling an orientation of a
pressure control device relative to a rotatable rig, the method
comprising:

rotating a body of the pressure control device, whereby the

body is rotatable relative to the rig;

receiving a vessel position indication from a rig data acqui-

sition system; and

controlling the rotation of the body in response to the vessel

position indication to maintain a rotational orientation of
the body relative to the rig, the controlling being per-
formed at a location on the rig remote from the body.

18. The method of claim 17, wherein rotating the body is
performed while the rig rotates.

19. The method of claim 17, wherein rotating the body
comprises substantially matching the rotation of the body
with the rotation of the rig.

20. The method of claim 17, wherein rotating the body
comprises rotating the body in a same direction and amount as
the rotation of the rig.
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21. The method of claim 17, wherein rotating the body
comprises minimizing any change in the orientation of the
pressure control device relative to the rig.

22. The method of claim 17, wherein the rig is a floating rig.

23. The method of claim 17, wherein the rig is a drilling rig.

24. The method of claim 17, wherein the pressure control
device is connected to a riser flange, and wherein the rig
rotates relative to the riser flange.

25. The method of claim 17, wherein the pressure control
device comprises a rotating control device.

26. The method of claim 25, wherein the body contains an
annular seal which seals against a tubular string in the body
while the tubular string rotates.

27. The method of claim 26, wherein the annular seal
rotates within the body while the annular seal seals against the
rotating tubular string.

28. The method of claim 17, wherein rotating the body
comprises rotating the body while the body is internally pres-
surized.

29. The method of claim 17, wherein the pressure control
device comprises a blowout preventer.

30. The method of claim 17, wherein the pressure control
device comprises a pressure control section of a riser assem-
bly.

31. The method of claim 17, wherein the controlling step
further comprises automatically controlling the orientation of
the pressure control device relative to the rig in response to the
vessel position indication.

32. The method of claim 17, wherein an orientation control
system automatically maintains an orientation of the body
relative to a floating vessel.

#* #* #* #* #*



